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UDVWOLQ DOL SD HNVWUDNWLYL 9HþLQR IHQROQLK HNVWUDNWLYRY
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PRUDELWLQDVLþHQDVSDUDPLWRSLOUD]YLMDOFDýHVWDVRUEHQW
LQUD]YLMDOHFSUDYLOQRL]EUDQDVHSRVDPH]QHNRPSRQHQWH
Y]RUFDSULSRWRYDQMXSRVRUEHQWXORþLMRSULþHPHUVHSDUDFLMD
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UH]XOWDWRY 1D GQR NURPDWRJUDIVNH NDGL VPR QDOLOL
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,,,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ELOHYLGQHåHSRRURVLWYL]XVWUH]QLPUHDJHQWRP3RRURVLWYL
] åHOH]RYLP,,, NORULGRP VPR NURPDWRJUDIVNH SORãþH
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IHQROQLKVSRMLQ LQNDWHKLQDVOLNDYUD]OLþQLKPRELOQLK
ID]DK6LVWHPLWRSLO,,,,,,LQ,9VRVHL]ND]DOLNRWSULPHUQL
]D GRORþLWHY JDOQH NLVOLQH SLURNDWHKROD LQ UHVRUFLQROD
5) YUHGQRVWL ]D NDWHKLQ JDOQR NLVOLQR SLURNDWHKRO
ÀRURJOXFLQRO LQ UHVRUFLQRO VR SRGREQH Y VLVWHPLK WRSLO ,
,,,,,LQ,9PHGWHPNRVHVLVWHPWRSLOSHWUROHWHU±PHWDQRO
±RFHWQDNLVOLQD   NRW UD]YLMDOHFQL L]ND]DO]D
SULPHUQHJD VDM ORþED VSRMLQ QL ELOD ]DGRYROMLYD YVH
DQDOL]LUDQHVSRMLQHLPDMRVNRUDMHQDN5)IDNWRU3UDYWDNR
VRVHUD]YLMDOFL±VLVWHPLWRSLO±9,9,,9,,,L]ND]DOL]D
QHSULPHUQHPRELOQHID]HVDMVHYUHGQRVWL5)DQDOL]LUDQLK
RUJDQVNLK VSRMLQ PHG VHERM VNRUDMGD QH UD]OLNXMHMR =D
ORþLWHYNDWHKLQDRGGUXJLKRUJDQVNLKNRPSRQHQWVWDVHNRW
QDMEROM SULPHUQD L]ND]DOD VLVWHPD ]PHVL WRSLO SHWUROHWHU
±HWLODFHWDW±PUDYOMLþQDNLVOLQDLQNORURIRUP
± HWLODFHWDW ± RFHWQD  NLVOLQD      SUDY WDNR SD
WXGLUD]YLMDOQLVLVWHPWRSLOWROXHQ±DFHWRQLWULO±PUDYOMLþQD
NLVOLQDVOLNLLQ
*DOQDNLVOLQDMHLPHODSRGREQRPRELOQRVWNRWNDWHKLQ
Y YVHK Y QDãHP SRVNXVX XSRUDEOMHQLK VLVWHPLK WRSLO
±UD]YLMDOFLK.DWHKLQLQJDOQDNLVOLQDVHQDMEROMHORþLWDY
UD]YLMDOQHPVLVWHPXWRSLOSHWUROHWHU±HWLODFHWDW±PUDYOMLþQD
NLVOLQDLQYVLVWHPXWRSLONORURIRUP±HWLODFHWDW
±RFHWQDNLVOLQD3LURNDWHKROÀRURJOXFLQRO LQ
UHVRUFLQROVHPHGVHERMOHSRORþLMRYYVHKVLVWHPLKWRSLO
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5) MH HQDN
NYRFLHQWX UD]GDOMH RG VWDUWD GR VUHGLQH NURPDWRJUDIVNH
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9]RUHF6DPSOH 5)'HWHNFLMD9LVXDOL]DWLRQ
, ,, ,,, ,9 9 9, 9,, 9,,, )H&O UHDJHQW
)H&O UHDJHQW
9DQLOLQ±åYHSOHQD
NLVOLQDUHDJHQW
9DQLOOLQ±VXOSKXULF
DFLGUHDJHQW
*DOQDNLVOLQD
*DOOLFDFLG
        9LMROLþQD
3XUSOH
6LYRYLMROLþQD
*UH\LVKSXUSOH
)ORURJOXFLQRO
3KORURJOXFLQRO
        6LYRUMDYD
*UH\LVKEURZQ
5XPHQD<HOORZ
5HVRUFLQRO
5HVRUFLQRO
        9LMROLþQRPRGUD
 3XUSOLVKEOXH
5GHþHRUDQåQD
5HGGLVKRUDQJH
3LURNDWHKRO
3\URFDWHFKRO
        =HOHQRPRGUD
*UHHQLVKEOXH
6LYRYLMROLþQD
*UH\LVK3XUSOH
.DWHKLQ
&DWHFKLQ
        6LYR]HOHQD
*UH\LVKJUHHQ
2UDQåQD2UDQJH
7DEHOD9UHGQRVWL]DGUåHYDOQLKIDNWRUMHY5)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9YVHK UD]YLMDOQLK VLVWHPLK WRSLO MH  MDVQR L]UDåHQD
]YH]D PHG PDQMãLP ]DGUåHYDOQLP IDNWRUMHP 5) LQ
QDUDãþDMRþLP ãWHYLORP KLGURNVLOQLK VNXSLQ Y PROHNXOL
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9VHVSRMLQH ODKNR]D]QDYDPRVSRPRþMR UHDJHQWRY
)H&O LQ YDQLOLQåYHSORYH NLVOLQH 7/&SORãþH NL MLK
RURVLPRV)H&OLPDMRVYHWORUXPHQRR]DGMHNLRPRJRþD
RGOLþHQ NRQWUDVW OLVDP UD]OLþQLK RUJDQVNLK VSRMLQ EDUYD
R]DGMD LQ OLV RUJDQVNLK VSRMLQ SD VH REGUåL GDOM þDVD þH
KUDQLPR7/&SORãþHSULVREQLWHPSHUDWXULVOLND
5HDJHQW)H&OKLWURUHDJLUD]RUJDQVNLPLPROHNXODPL
LQ WYRULYLMROLþQRDOLPRGUR]HOHQREDUYRV IHQROLNRW VR
JDOQDNLVOLQDSLURNDWHKRONDWHKRONDWHKLQNLLPDMRYVYRML
VWUXNWXULYLFLQDOQHKLGURNVLOQHVNXSLQHVOLND
%DUYQLNRPSOHNVUHVRUFLQRODLQÀRURJOXFLQROD V )H&O
MH ELO SUL VREQL WHPSHUDWXUL NRPDMGD ]D]QDYHQ V SURVWLP
RþHVRP ãHOHSUL VHJUHYDQMX7/&SORãþSUL&]D
PLQXWVHSRMDYLMRRSD]QHOLVHRUJDQVNLKVSRMLQVOLND
5HDJHQWYDQLOLQ±åYHSORYDNLVOLQD MHEROMSULPHUHQ
]D GHWHNFLMR VSRMLQ NRW VR ÀRURJOXFLQRO UHVRUFLQRO
NDWHKLQNLLPDMRYVDMKLGURNVLOQLVNXSLQLNLVWDYH]DQL
YPHWDDOLSDUDSRORåDMX LQ VWDEUH]GUXJLKVXEVWLWXHQWRY
QDDURPDWVNHPREURþX'UXJHVSRMLQHODKNRXJRWDYOMDPR
]UHDJHQWRPYDQLOLQåYHSORYHNLVOLQHNRVHJUHMHPR7/&
SORãþRQD&]DPLQXW7DNRVHMHL]ND]DORWXGLY
QDãHPSULPHUXSRRURVLWYL7/&SORãþVRVHSRMDYLOLOHSR
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SR PLQXWQHP VHJUHYDQMX 7/&SORãþ SUL WHPSHUDWXUL
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VOLND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PHWRGD]DNYDOLWDWLYQRYUHGQRWHQMH WXGLGUXJLKVLVWHPRY
NRW VH SRMDYOMDMR QD ãLUãHP JR]GDUVNHP LQ OHVDUVNHP
SRGURþMX QDMVL JUH ]D RQHVQDåLOD L]WUHENH åLYDOL
SURGXNWH DJUHVLYQLKPRGL¿NDFLM QSU ]D PDWHULDO NRW MH
XWHNRþLQMHQOHVHNVSUHVDWHGUHYHVQHJDVRNDDOL]DNHPLþQR
LGHQWL¿NDFLMR OHVQLK YUVW NHPRWDNVRQRPLMD ERGLVL ]D
IRUHQ]LþQH ãWXGLMH SUL NDWHULK MH YNOMXþHQ OLJQRFHOXOR]QL
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WRSLO ± UD]YLMDOFHY ]D ORþLWHY HQRVWDYQLK IHQROQLK VSRMLQ
NRWVRJDOQDNLVOLQDSLURNDWHKROÀRURJOXFLRQRO UHVRUFLQRO
LQ VRURGQR VSRMLQR NDWHKLQ V SRPRþMR WDQNRSODVWQH
NURPDWRJUD¿MH
.YDOLWDWLYQDWDQNRSODVWQDNURPDWRJUD¿MD MH SODQDUQD
VHSDUDFLMVND DQDOLWVND WHKQLND NL RPRJRþD KLWUR DQDOL]R
LQ GDMH SUYH NYDOLWDWLYQH UH]XOWDWH DQDOL]LUDQLK Y]RUFHY
/RþHYDQMH NRPSRQHQW Y]RUFD SRWHND PHG SRWRYDQMHP
PRELOQH ID]H SR WDQNL SODVWL VRUEHQWD NL MH ELO Y QDãHP
SULPHUX VLOLNDJHO QDQHVHQ QD DOXPLQLMDVWR IROLMR 1D
ORþHYDQMHVSRMLQYSOLYDSROHJVRUEHQWRYLQVLVWHPDWRSLO
WXGLSOLQVNDID]DYSURVWRUXQDGSODVWMRVRUEHQWD,]UHGQR
SRPHPEQRRSUDYLORSUL7/&NURPDWRJUD¿ML MH QDQDãDQMH
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Y]RUFHY 3UL UXWLQVNHP GHOX VH QDMYHþNUDW XSRUDEOMDMR
VWHNOHQHNDSLODUHVNDWHULPLVHYWRþNRQDQDãDMRYROXPQL
PHG  LQ   / 5D]GDOMH PHG SRVDPH]QLPL QDQRVL
PRUDMRELWLGRYROMYHOLNHGDPHG UD]YLMDQMHPQHSULKDMD
GR PHGVHERMQHJD YSOLYD NRPSRQHQW VRVHGQMLK Y]RUFHY
1DMSRPHPEQHMãH RSUDYLOR SUL L]YHGEL 7/&SRVWRSND
MH UD]YLMDQMH NURPDWRJUDPD 7/&SORãþH VH SUDYLORPD
UD]YLMDMR Y SRVHEQLK NURPDWRJUDIVNLK NDGHK 1D GQX
NDGL PRUD ELWL WROLNR UD]YLMDOFD GD MH 7/&SORãþD PHG
UD]YLMDQMHPSRWRSOMHQDYDQMSULEOLåQRFP.RMHSORãþD
YNDGLSULþQHPRELOQDID]D]DUDGLNDSLODUQLKVLOSRWRYDWL
SR SORãþL QDY]JRU LQ V VHERM QRVLWLPROHNXOH NRPSRQHQW
Y]RUFD3ULWHPSRWRYDQMXSULKDMDPHGPROHNXODPLY]RUFD
VRUEHQWDLQWRSLOLGRUD]OLþQLKLQWHUDNFLM.DGDUVWDVRUEHQW
LQUD]YLMDOHFSUDYLOQRL]EUDQDVHNRPSRQHQWHY]RUFDOHSR
ORþLMR
9QDãHPSULPHUXVWDVHNRWQDMEROMSULPHUQDVLVWHPD
WRSLO]DORþLWHYNRPSRQHQWL]ND]DODNORURIRUP±HWLODFHWDW
RFHWQDNLVOLQ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LQWROXHQ±DFHWRQLWULOPUDYOMLþQD
NLVOLQD      /RþLWHY RUJDQVNLK VSRMLQ MH ELOD
XþLQNRYLWHMãD Y VLVWHPLK WRSLO NL VR LPHOL YHþML GHOHå
RUJDQVNLKWRSLO6SRMLQHVPRYL]XDOL]LUDOLVSRPRþMRGYHK
UHDJHQWRYLQVLFHU]åHOH]RYLP,,,NORULGRPLQ]YDQLOLQ
åYHSORYLPUHDJHQWRP
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:H KDYH LQYHVWLJDWHG WKH VXLWDELOLW\ RI VL[ VROYHQW
V\VWHPV IRU WKH WKLQOD\HU FKURPDWRJUDSKLF 7/&
VHSDUDWLRQRI VLPSOHSKHQROLF FRPSRXQGV VXFKDVJDOOLF
DFLGS\URFDWHFKROSKORURJOXFLQRO UHVRUFLQRODQGUHODWHG
FRPSRXQGFDWHFKLQ
7KLQOD\HU FKURPDWRJUDSK\ LV D VLPSOH DQG
LQH[SHQVLYH WHFKQLTXH DQG LV SDUWLFXODUO\ VXLWDEOH IRU
VFUHHQLQJ RI D ODUJH QXPEHU RI VDPSOHV DQGPRQLWRULQJ
LVRODWLRQ SURFHGXUHV 7/& LV URXWLQHO\ XVHG IRU D ¿UVW
TXDOLWDWLYH H[DPLQDWLRQ RI SODQW H[WUDFWV 4XDQWLWDWLYH
GHWHUPLQDWLRQFDQEHDFKLHYHGE\GHQVLWRPHWULFGHWHFWLRQ
7KH PRVW XVHG SKDVH KDV EHHQ VLOLFD JHO ,VRODWHG 7/&
IUDFWLRQVFDQEH LGHQWL¿HG E\ VXEVHTXHQW DQDO\VLV E\ JDV
FKURPDWRJUDSK\PDVV VSHFWURPHWU\ *&06 RU KLJK
SHUIRUPDQFH OLTXLG FKURPDWRJUDSK\PDVV VSHFWURPHWU\
+3/&06 0RVW RI WKH VLPSOH SKHQROLF FRPSRXQGV
DEVRUE89 OLJKW DQG FDQ WKXVEHGHWHFWHGXVLQJQP
89OLJKW6SUD\LQJZLWKVROXWLRQRIVXOSKXULFDFLGLQ
HWKDQROLVDOVRFRPPRQO\XVHG
:H UHSRUW 5) YDOXHV RQ VLOLFD JHO SODWHV IRU
HLJKW VROYHQW V\VWHPV IRU JDOOLF DFLG S\URFDWHFKRO
SKORURJOXFLQROUHVRUFLQRODQGUHODWHGFRPSRXQGFDWHFKLQ
7KH WUHQG IRU ORZHU 5) YDOXHV IRU LQFUHDVLQJ QXPEHU RI
K\GUR[\OJURXSLVSRLQWHGRXW7KHVHSDUDWLRQLVJRYHUQHG
PDLQO\E\WKHQXPEHURIK\GUR[\OJURXSVEXWS\URFDWHFKRO
DQGUHVRUFLQROZLWKWKHVDPHQXPEHURIK\GUR[\OJURXSV
FDQ DOVR EH VHSDUDWHG ,GHQWL¿FDWLRQ RI GLIIHUHQW RUJDQLF
FRPSRXQGV LV IDFLOLWDWHGE\ WKHVSHFL¿F FRORXUV REWDLQHG
E\ VSUD\LQJ ZLWK VXOSKXULF DFLG LQ HWKDQRO IROORZHG E\
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